changes that I propose to review for they properly constitute "Disturbances of Renal Physiology".
Some of the present views of the way in which the kidney elaborates urine are summarized in Fig. 1 (From Lewis, 1953, by kind permission.) roughly one-fifth of the plasma water is filtered off, with its dissolved solids. The approxi-. mate quantities of water, sodium, urea and glucose filtered per minute and ultimately excreted are shown. In the proximal tubule, seven-eighths of the filtered sodium is reabsorbed and all the glucose: as a consequence of this, it is thought, a corresponding volume of water is reabsorbed. The remarkable property of renal tubular cells of being impermeable to creatinmne and almost so to urea should be noted. In the thin limb, final osmotic equilibration is thought to occur, so that the -function of the glomerulus and the tubule down as far as the distal limb appears to be to supply the latter with a steady flow of some 20 ml./minute of isotonic, glucose-free, plasma filtrate. It is here that the final elaboration of the urine occurs, by a series of selective and almost independent processes of reabsorption. Sodium ions are reabsorbed and in the process partly exchanged for hydrogen or potassium ions. Sodium reabsorpt.ion can be greatly increased by the influence of aldosterone. In this part of the DECEMBER tubule, water reabsorption occurs separately from that of sodium and can be varied independently of it by the activity of the antidiuretic hormone of the neurohypophysis. Two processes which, in the proximal tubule, occur together at a fixed rate, have become, in the distal tubule, independent and variable. The distal tubule also forms ammonia when extra base is needed for acid excretion. These remarkably selective processes of reabsorption by the distal tubule may establish and maintain large gradients for the urinary constituents between urine and plasma. Urine osmolarity, for example, can be varied from less than a fourth to more than four times that of plasma; urinary sodium concentration can be reduced almost to zero, while a gradient for hydrogen ions of 800/1 can be established.
The two hormones that regulate the reabsorption of sodium and water independently by the distal tubule are aldosterone and anti-diuretic hormone (A.D.H.). Both are secreted in increased amounts in response to a fall in E.C.F. volume, and in the case of A.D.H. this has been shown to be mediated by stretch receptors in the wall of the left auricle responsive -to the degree of its filling (Henry and Pearce, 1956) . Both hormones, therefore, act so as to defend extra-cellular fluid (E.C.F.) volume, and, in addition, A.D.H. is secreted by the neuro-hypophysis in response to a rise of E.C,F. tonicity. An increase in the latter increases A.D.H. secretion so that distal tubular water reabsorption is increased.
Renal function may be disturbed by extra-renal influences in four ways:
(1) When renal blood flow is reduced;
(2) when abnormal humoral or nervous influences modify renal function; (3) when the kidney, in carrying out one task, is prevented from performing another; (4) when there is urinary obstruction.
The renal blood flow and glomerular filtration rate are reduced when the cardiac output falls after hemorrhage. They are reduced by pre-operative medication with morphine or pethidine and by anisthesia, when fairly severe himorrhage, operative procedures or the reduction of blood pressure by ganglion blocking agents produce little further fall (Miles et al., 1952; de Wardener et al., 1953) . Moderate falls of glomerular filtration do not have much effect on the composition of the urine. In Fig. 2 produced by the application of venous tourniquets to the thighs of normal subjects during sustained water diuresis. Some change in water and sodium output occurs, but this is in marked contrast to the dog, in which sodium output appears to be much more readily altered by changes in glomerular filtration rate.
Similar falls in glomerular filtration rate are produced by hypothermia, and it is significant that these are unaffected by high spinal anmsthesia. Tubular function and reabsorption may also be modified by hypothermia (Morales et al., 1957) .
Very severe himorrhage and shock produce intense renal vasoconstriction, the fraction of the cardiac output passing through the kidneys being greatly reduced (Lauson et al., 1944) . Though the capacity of the tubules to excrete substances such as para-amino-hippuric acid (P.A.H.) remains unaffected until the blood flow has fallen to about one-tenth of normal, distal tubular processes are suppressed and eventually no urine is formed. If intense renal ischemia is prolonged, there is a delay in the recovery process, and if it lasts more than a few hours, tubular necrosis occurs. If this is to be prevented under these conditions, early and adequate transfusion is necessary. Where this has failed for any reason to restore the systolic blood pressure, the infusion of noradrenaline may restore renal function (Mattingly, 1957) , provided that no tubular damage has occurred.
The importance of humoral and endocrine influences on renal function may be appreciated by a consideration of adrenal deficiency. Here, both glomerular filtration rate and selective distal tubular function are depressed, and can be restored by cortisone. Not only is sodium reabsorption reduced in the absence of aldosterone, but the ability of the tubule to handle sodium and water reabsorption separately is lost. Fig. 3 shows the effect of stimulating the adrenals with ACTH in panhypopituitarism: the ability of the kidney to produce a normal water diuresis, with dilution of the urinary solutes, in response to a water load is restored. In other words, distal tubular function has again become selective. A similar result is produced in adrenal deficiency by cortisone, but not by mineralocorticoids, which regulate sodium and potassium reabsorption only. One interesting property of the distal tubule is its power of adaptation. On the whole, renal function in man is not greatly influenced by diet, again in contrast to the dog in which urea clearance can be greatly increased by high protein feeding. But it has recently been shown that the concentrating power of the kidney and the response of the distal tubule to pitressin can be increased by a period of water deprivation or by a high protein or urea intake, while a period of high fluid intake reduces these responses (Epstein et al., 1957) .
Tubular reabsorption of sodium and water are normally related to body requirements by the varying rates of secretion of aldosterone and A.D.H. If anomalies in the production of these hormones occur, the kidney cannot make its normal contribution to homeostasis. A.D.H. will not be secreted if the posterior pituitary has been destroyed by secondary deposits, by inflammatory changes or xanthomatosis. Distal tubular water reabsorption ceases and the patient experiences the constant water diuresis of diabetes insipidus. Occasionally, emotional disturbances lead to a suppression of A.D.H. secretion so that an emotional polyuria occurs: on the other hand, emotion, particularly that associated with fear and pain, often provokes A.D.H. secretion and emotional antidiuresis.
Both hypokalmmia and hypercalcwmia impair renal function, particularly, in the early stages, tubular function. Polyuria is a frequent early symptom of hypercalctemia and may persist for long periods before other signs of renal failure occur. Actual deposition of calcium in the tubules and nephrocalcinosis appear to develop at a later stage, so that the condition is reversible at first. The polyuria and rising blood urea caused by hypercalczmia may be the first signs of hyperparathyroidism, sarcoidosis, myelomatosis or of widespread secondary malignant deposits in bone.
A prolonged release of A.D.H. occurs after surgical procedures. The urine is concentrated and of low volume for many hours after operations (Fig. 4) FIG. 4. -The lower graph illustrates the effect of operation (sigmoid colectomy) on the urine volume and chloride concentration, as shown by observations on four-hourly urine specimens obtained from an indwelling urethral catheter. For comparison, the upper graph shows the effect on urine volume and chloride concentration of an injection of pitressin (slightly modified from Lewis, 1953) . Note that both graphs show similar changes, save that after operation these are much more prolonged.
Reproduced from Le Quesne, L. P. (1957) . "Fluid Balance in Surgical Practice" (2nd edition). London: Lloyd-Luke (Medical Books) Ltd. By kind permission. effect lasts for two or three days, when there is a risk of water intoxication if too much water is given (Fig. 5) normal stimuli of changes in E.C.F. volume and tonicity. This is perhaps the outstanding example of a condition where the normal kidney is not a free agent: it is responding to an influence which is not under normal control. It follows that fluids should not be forced in the post-operative period: water should be given to replace losses occurring by the kidney, through the skin and into the gut until the abnormal secretion of A.D.H. ceases and the kidney can again excrete excess water. Increased secretion of adrenocortical hormones also occurs after surgery. It has been reported that the urine contains increased amounts of aldosterone (Llaurado, 1955) , but a recent study indicates that this only occurs when sodium intake is restricted (Hayes et al., 1957) . The sodium retention and potassium excretion that follow operations are usually the result of the secretion of compound F and of delay in its destruction by the liver, as well as of changes in the rate of the peripheral utilization of this hormone by the tissues.
Increased secretion of aldosterone is probably partly responsible for the renal sodium retention that causes the cedema of cardiac and hepatic failure. The production of this hormone may be increased when there is an adrenal cortical tumour, when the most striking electrolyte abnormality is the hypokalamia produced by renal potassium loss. Hypokalemia from any cause may produce disturbances in renal function, with low filtration rate and renal blood flow and loss of response to A.D.H. Histologically, vacuolation of tubular cells may be seen-the so-called hypokalkmic nephropathy. When the hypokalemia is due to increased urinary loss of potassium brought about by aldosterone, the urine may be neutral since potassium and not hydrogen ions are replacing sodium ions in tubular reabsorption. But when extrarenal losses cause potassium deficiency, renal conservation of the ion occurs and hydrogen is exchangBed for sodium, so that the urine is acid in spite of the systemic alkalosis of potassium deficiency. This paradox is an example of what may occur if the kidney, having to perform one task, is thereby prevented from carrying out another. A more striking disturbance of this type is furnished by osmotic diuresis, when the kidney, called upon to excrete large quantities of osmotically active solute, fails to reabsorb sodium and water, so that dehydration results. This is seen when the solute is glucose in diabetes mellitus, and when large quantities of urea are being excreted during high protein feeding or in the recovery stage of acute tubular necrosis. The characteristic of osmotic diuresis is the loss of the distinctive contribution of the distal tubule, which is overwhelmed by the flood of filtrate unreabsorbed proximally: as the urine flow rises the specific gravity tends to approach that of plasma, 1010, and not, as in water diuresis, that of water. Obstruction to the urinary outflow will obviously impose limitations upon renal function. One particular consequence, however, is worth special notice, and that is the tendency for the distal tubular response to A.D.H. to be reduced in some cases. Prostatic obstruction has been shown to be a possible cause of water-losing nephritis, the blood urea rising later, the loss of concentrating power and polyuria being corrected by removal of the obstruction (Roussak and Oleesky, 1954) .
It is not easy to summarize the various instances of disturbed renal function that have been mentioned. One situation is particularly important-after a major operation the urine volume is found to be greatly reduced. Four main causes have to be considered. Preexisting dehydration or blood loss may have been severe and not fully corrected, so that the urine is highly concentrated with high specific gravity and urea and low sodium, indicating good glomerular and tubular function. A very similar urine may be passed as a result of the usual endocrine response to surgery, and only clinical examination may differentiate this from the first situation; or severe blood loss and shock at the operation, perhaps temporarily masked by anesthesia but becoming apparent later, may have led to urinary suppression from failure of renal blood flow and glomerular filtration rate. If this has been allowed to persist for long, acute tubular necrosis may have occurred, when the urine volume is very low-less than the minimum necessary for excretion of solutes-and, more important, the specific gravity is little raised and little modification of plasma concentration of solutes has occurred. The blood urea therefore rises rapidly. For practical purposes the kidney has now no excretory or regulatory function. I do not think that Strauss's (1948) analysis of the course of events in a 70 kg. man can be bettered. 70 grams of protein will be broken down daily as soon as carbohydrate stores are exhausted, when the combustion of 200 grams of fat will lead to the production of 470 ml. of water. Plasma potassium may rise at about 0 3 mEq./l./day if protein metabolism is halved by giving glucose, when 6 grams of N.P.N. will be formed per day, causing a rise of blood N.P.N. of 12mg. % daily. In practice, protein destruction may be more rapid than this and is little affected by supplying further calories with exogenous fat-since this causes gastric disturbances it is better omitted. But recent work has shown that more water may be produced by metabolism than was at first realized, so that a considerable part of the daily insensible loss of 1 litre may be produced from this source. In conservative therapy, water intake should be so adjusted that a slight weight loss occurs daily.
